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Systematic convolutions! interleaversand deinterieavers 



(57) A syslemfjiic convolutions! intorleaver arrange- 
ment that Is obtained by treating the input signals o! an 
associated error correcting encoder as if they had been 
pre-interleaved in a very particular way so that the order 
Of the input signals of the encoder is not altered when it 



is transmitted to the channel. By way of example, an in- 
terleaver/deinterleaver arrangement is disclosed that 
uses Reed Solomon code RS(i 20.118) and employs 
delay element banks and associated routing to inter- 
leave and deinterleave the signals. 
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Description 

S ackqround oi t t>* Invention 

This invention rebates to systematic convolultonal s 
imerleaversand dafnSortoavcrs that are used in conjunc- 
tion with error COirectsng coders in a communication or 
storage system 

Communication of signals invariably has to deal 

transmission of signals through a channel where >0 
errors are introduced FIG. 1 presents the block diagram 
of a prior art arrangement for such an environment, 
where the input signals are first applied to encoder tOQ, 
the encoded signals are passed on to interieaver 200. 
■hs interleaved signals are modulated in block 300 and '5 
■hs modulated signals are applied to the channel The 
signals received Srom the channel are demodulated in 
slock 400, deinteneaved in block SCO and lastiy decod- 
ed in block 600 to recover the input signals into encoder 
100 (In the present illustrative embodiments, each so- 20 
called "signal" is a digital signal comprising 8 data bits. 
t>ut in other embodiments each signal may comprise any 
number of bits, including one bit. in many contexts, the 
"signal' may be understood to be a "symbol" of s so- 
called signal constellation.) ss 

Interieaver 200 is interposed in the system in order 
so account for burst errors in the channel. Specifically, 
interieaver 200 disperses adjacent signals in time prior 
to modulation, so that burs' errors with a large number 
of errors in a short time span, do not affect too many of 30 
adjacent signals of the original uninter leaved signals 
Conversely, when considering the signals coming from 
shs channel, errors that are closely spaced in lime to 
each other are interspersed at the output of the deinter- 
Seaver to be far apart from each other The consequence 3s 
of this dispersing is that decoder 600 is able to recover 
ih-3 input signals entered into encoder iQO by virtue of 
tha error- correcting redundancy included in the signals 
which decoder 600 utilizes 

It is also well Known that modulator 300 as well as 40 
demodulator 400 may be subsystems that themselves 
include coding and decoding For example, modulator 
300 may include a front end section that is a trellis en- 
coder Correspondingly, the tail-end ot demodulator 400 
would include a Viterb: decoder <*S 

Summary of the invention 

EPA-07485056 (Amrany) discloses a systematic 
con votuttonal inter lea ver arrangement in which the input so 
signals o! an associated error correcting encoder are 
treated as it they nad been pre -inter leaved in a very par- 
ticular way so that the order of the input signals ol the 
encoder is noi altered when it is transmitted to the chan- 
nel In the arrangements disclosed in the Amrany patent SS 
application successive signals ol each sr-or correcting 
code codeword, i g a Reed-Solomon codeword, are 
separated in the interleaved stream by a constant 
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amount equal to the so-called decoding depth By con- 
trail, in systematic convolutions! interieaver arrange- 
ments embodying the principles of the present inven- 
tion, thai separation is not necessarily constant and. in- 
deed, is greater than the tiecodrng depth lor at least cer- 
tain successive ones of the signals comprising a partic- 
ular codeword This is advantageous in that, for exam- 
ple, the increased average separation of the signals 
comprising a particular codeword enhances the sys- 
tem's ability to withstand burst errors in the channel. In 
addition, if the interleaving which provides the aforesaid 
increased separation is earned out in a particular way, 
as described hereinbelow, the deinterleaving process 
can be advantageously implemented using actual delay 
lines, as opposed to random access memories which 
emulate delay lines. This is advantageous in that given 
a particular implementations! technology, e.g., MOS cir- 
cuitry, actual delay lines can be operated to provide 
higher throughput than a random access memory delay 
line emulations, thereby facilitating the use of the inven- 
tion in high-data-speed applications 

Brief Description <?; the Drawing 

FIG 1 shows a prior art coder/decoder arrange- 
ment with an interieaver and a deinterteaver inter- 
posed therebetween; 

FIG. 2 depicts a prior art block interieaver; 

FIG 3 shows a prior art convolutions! interieaver 

and deinferloaver; 

FIG. 4 illustrates a systematic block interieaver sug- 
gested by Galiager: 

FIG. 5 presents a pictorial overview of an illustrative 
stream of incoming Reed-Solomon codeword sig- 
nals, pursuant to an illustrative embodiment of the 
invention. 

FIG. 6 provides a systematic ccnvolulional inter- 
ieaver tor the signal stream ct FIG. 5, 
FIG 7 illustrates a systematic, convolutional dern- 
ier leaver adapted to respond to signals developed 
by the inierleaver of FIG 6; and 
FIG. 8 presents a pictorial overview ol an another 
illustrative stream of incoming Reed-Solomon 
codeword signals 

Detailed Description 

FIG. 2 presents a simple implementation ol a con- 
ventional block interieaver 200 When trie interleaving 
arrangement seeks 10 interleave Reed-Solomon (RS> 
codewords of length 1 20 signals to a depth of 30 code- 
words, all that is needed is a matrix such as depicted in 
FIG. 2, which can be viewed to comprise 30 rows and 
120 columns of signals. Interleaving is accomplished by 
writing incoming signals sequentially into Ihe signals 
matrix and thus populating the matrix a row at a time 
An interleaved output is obtained by readrng signais Out 
of She matrix a column ai a time. Row 1. for example, 
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consists ot 120 signals C 0 „ 9 C 0 , 18 . .... C D 0 of the 0* 
codeword Correspondingly, column 1 coosis! of C 0119 . 
C u;5 ..., C 20 ,, g . *hich correspond to the first signals o! 
the 0 1h , 1 s '. and 29 th codewords. This arrangement ss 
said la provide an interleaving dap.h of 30 signals be- s 
causa successive signals of the same codeword are 
caused to be 30 s:gnais apart ;n the interleaved signal 
stream 

A bfock cewerleaver can be identical to the block 
interleaver of FIG g The overall memory requirement ro 
for tne interleaver and the deinterleaver, therefore, is at 
leas! 7.20C signals, and the overall delay between tne 
inpui to ihe interleave r and the output of the deinlerleav- 
er is approximately 7. 200 signal periods. 

FIG S presents a simple embodiment of a convex- is 
tiona! convolutions! mterleaver and deirterleaver with 
the same interleaving depth of 30 signals. A convolu- 
, tiormt iniorteaver is one where within any selected block 

of signals in the interleaved signal stream, mere exssts 
at iesst one codeword with some signals musing. 20 

•rt FIG. 3, the incoming signals appear on line 24. 
switch 25 cycles thiough delay elements 201. 202,. . 
230 (rsote tha; register 201 has zero delay and is, there- 
fore simply a connection), and successive signals on 
line 24 are applied \o successive delay elements. Switch as 
31 at the output of the interleaver is synchronized wish 
switch 25, resulting in an interleaved output emanating 
from switch 31. In particular when the incoming signal 
stream to the PIG 3 arrangement is 

C «.119- C m.H3- G m.1?7- C m.90- C m.S9-- 30 

and where signal C„, ,, 9 is stuffed into delay eiemenl 
201, the output at switch 31 of FIG. 3 is 
; c ».ti» c m.<iia- C m . 2 „ ? .„. C^.jggo, C m69l 

As can be observed from the above, signais that belong as 
to the same RS codeword are separated at the output 
of switch 31 by at least 30 signais (e.g.. C m ,, 9 and 
C m . es ). 

FIG. 3 also shows a deinterieaver thai performs the 
inverse operation c? the ccnvoluttona! titer leaver. It may -*o 
also be noted that the memory requirement and delay 
of the FIG 3 mlerieaver/deinterteaver is considerabiy 
smaKfSr than a corresponding FIG. 2 implementation. 
Specifically, oniy 3.480 signals ot memory are needed, 
and ihe total interioavinc/demterlsaving delay is also -»5 
3,480 signals 

The interleaves of FSGS 2 and 3 are not "system- 
atic" because ;he order of Ihe input signals is altered by 
the interleaver. Non-systematic interleaves have a 
numoer of problems. First, me receiver cannot skip the SO 
deinterseaver it it chooses to skip ihe associated decod- 
er The deirsterieaving delay, therefore, is not avoidable. 
Second, bursty errors that cannot be corrected by the 
decoder will be spread by the deinterleavar It turns out 
that .n various applications it is better to suffer a number ss 
of errors concentrated in time than to suffer the same 
number o! errors over an extended time span In such 
cases, therefore, spreading or dispersing of uncorrected 



errors is not desirable. 

The conventional encoder- interleave.- arrangement 
of .FIG. 1 requires only a single encoder. In "Information 
Theory and Ftoliabte Communication" by ft G. Gallager, 
John Wiley & Sons, 1 968. pp. 286 et seq. , a more com- 
plex arrangement is presented with a plurality of encod- 
ers. This plurality of encoders aims to replace the com- 
bination ol Ihe encoder and block mterleaver ol FIG. 1 
Although no specific embodiment is depicted lor the en- 
coders or for any means for controlling the encoders, 
the Gallager depiction does suggest tha! a systematic 
block inlerleaver can be realized through the use of a 
switch al the input and a switch at the output of the plu- 
rality of encoders. It is not convolution! interleaving, 
however. 

The Gallager structure, depicted in FIG. 4, presents 
a hardware and/or speed penalty at the decoder. In one 
decoding embodiment it appears that 30 separate de- 
coders must be used, with the signals appropriately 
routed to those decoders. In another embodiment, it ap- 
pears that a deinterieaver would need to be used first 
(like Ihe one depicted in FIG S), followed by a very fast 
decoder, fn either case, the decoder becomes commer- 
cially unattractive. 

The challenge is to develop a systematic, convolu- 
iional, interioaver in order to avoid the two problems de- 
scribed above in connect ion with systematic block inter- 
leavers. Indeed, one such type ol systematic, convolu- 
lional interleaver is desenbed in F.P-A-0743058 (Amra- 
ny). 

In the arrangements disclosed in the Amrany patent 
application, successive signals of each error correcting 
code codeword, e.g. a Heed-Solomon codeword, are 
separated in the interleaved stream by a constant 
amounl equal lo the so-called decoding depth. Indeed, 
such an approach is implemented in the interleaving 
scheme depicted in FIG 8 hereot and described below 

By contrast, in systematic convolutions! interleaver 
arrangements embodying the principles of the present 
invention, that separation is not necessarily constant 
and, indeed, is greater than the decoding depth for at 
least certain successive ones o! the signals comprising 
a particular codeword Thus assume thai each RS code- 
word comprises 116 input signais and 4 redundant sig- 
nals, and assume that the input signals come in the or- 
der o1 
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Conceptually, one can immediately add the 4 F1S 
redundant signals to the above stream (which can be 
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shoyght to be null si this point) to result in the stream 

C ».t»» C m-l.t :S- C m 2 «t1> C m S8.7- C m-29.3. 
C m.l18. C m1.!!4 &m Z.U0- • C «l-S8.S' C m-2»^ 

C mll6 . C m .,.., a . C„.2e. 4 . C TO .29. 0 . 

C m-t 113 ■ Cnv>14 • C m ., „ c „ ... C m . 27s , C m23s , 
C m.1 117 C m.?«. C m-1 ,109-- C n>-27.5> C ro-2Bf 
C m . 1.116- C m.-S« • C n>-t.108 C m-27.4- C e*-2S 0- ,0 

A pictorial view of ihis stream is presented in FIG 5 
it is depicted in the form of 30 parallel signal paths, or 
*rai;s." that have been multiplexed onto a single stream . 
Shrcugh a swiich that cyclically connects io all of the sig- »s 
nal paths. 

la accordance with the pnncipies disclosed herein, 
given the assumed significance of these signals vis-a- 
vis their relationships to each other and to the RS code- 
words, appropriate routing o! the signals to a plurality of 20 
coders, and ioultn-p of the plurality ot coded signals into 
a single stream o' output signals yields, in eflsct. a sys- 
tematic convGiutional interleaves 

FIG. 6 presents a structure that is responsive to the 
specific signal stream described above While it is sim- 2S 
iter to the structure shown in FIG. 4. it routes the input 
signals differently, and achieves a highly improved re- 
sult 

In FIG. 6, Ihe input signal stream is applied to router 
10 which comprises a switch that, responsive to control 30 
signals from controller 15. distributes the incoming sig- 
nals to its 30 outputs Each output of router lOiscoupled 
to a cortespondinc Reed-Solomon (RS) coder 20-i and 
the outputs ot the 5-0 RS coders are rouied so a common 
oulpul port through router 30. Router 30 and the RS cod- 
ers are also responsive to controller 1 5 which imple- 
msn'.s the routine procedure described below 

in opeiation, router 10 needs to cycle through RS 
coders 20-1 tnrouoh 20-29 lor 4 cycles, while Skipping 
RS coder 20-30. D-jring those 4 cycles, RS coder 20-30 *o 
receives no input (or the null input of C 0 3 , C 0 2 , C 0 ,, 
and C 0 0 ) and routs r 30 cycles through RS coders 20-1 
through 20-30 !or iris 4 cycles Thereafter, router 10 cy- 
cles through RS coder 20-30 through 20-28 for 4 cycles 
whi'»5ivppinqc(X" ; <:C ■ Z -\. ;.<- 3-.:<.:v-::»^: 
RS coders 20-30 ! trough 20-23 tor the 4 cycles, and so 
the process continues 

U it is assumed thai , 19 , is insetted into RS cod- 
er 20-1 then, according to the description above, the 
next three samples that are inserted into RS coder 20-1 SO 
are Cjg ne . C 29 117 , and C 2 s n6 At lne Bnd of those 4 
cycles, when C, 4 inserted into RS coder 20-29. the 
cyciing sequence of router 10 is altered and the next 
clock advances the .-outing to RS coder 20-30. At that 
point, the RS code; 20- 30 is reset and, according to the ss 
description set for* above, the Cjo ,^. is entered into 
RS coder 20-30 (Parting to accumulate input signals ot 
a new RS codeword), and at the nexl clock period 



Cag.ns ,s entered imo RS coder 20-1 . 

Directing attention specifically to a particular coder, 
such as RS coder 20-1, n is seen thai the above-c'is- 
closed cycling procedure achieves the following: 

1) it routes the input signals which belong to a par- 
ticular codeword to a specific RS coder. 

2) after 29 of the 4 cycle intervals, an RS coder has 
received the full set of 116 input signals, and 

3) thereafter, the RS coder is left wiih no (or null) 
inputs for one 4 cycle interval, during which time the 
RS coder outputs the 4 redundant signals 

£"29.3- ^-'29 1- sn{ ^ ^29.0 '° router 30 

Consequently, the stream of output signals of router 
30 is in the order of the above-described input signals, 
to wit. 

Cro.119' C nv1 115. Cm-avtM Gm46.7> C m .2», 3 . 

• Cm-1.113 • C-ro-2.109 Gm-2&.3> Cm-Jd.V 

C rn.l16' C rrv1.1ia • C ro-2.108 C m-28.4. C m-29.rj 

C nw1.119- C m.113 • G m-t.t11 C m-27.7- C m-28.3' 

G m*\.m ■ C m.1l4< C m-1,l t0 C m-27.6- C m-28.2< 

C r»*1.lV? • C TO .„3 . C m ., 109 C m . a7 s , C TO .j, 8 

^nw 1.116 • ^i».H2 « ^"(ti-t .106 <■■•-> ^m-ST.O- Cffl.28.0-' 

confirming that tne FiG. 6 arrangement is a systematic 
interleaver {except that some redundant non-null sig- 
nals era inserted at appropriate places). 

From the above, it is seen (hat the appropriate cy- 
cling or routers SO and 30 and resetting of the RS en- 
coders are all that is necessary to implement controller 
15, and such can be easily accomplished with a few 
counters and some combinatorial logic 

FiG ? shows a systematic convotutional deinter- 
leaver adapted to respond to signals developed by the 
interleave? of FIG. 6. The FIG. 7 arrangement includes 
a series connection of a switch 40, a tirst deinterleaver 
42 comprising delay elemenls, a switch 43, a decoder 
input buffer 51, a decoder 50, a switch 61, a second 
deinterleaver 60 comprising delay elements, and a 
switch 63. Within deinterleaver 42. each delay element 
42-j introduces a delay of ({116 - 4j>x30) signals (wrt.h j 
ranging from 0 so 29). and within deinterleaver 60, de-ay 
element 60-| introduces a delay ol (4jx30). Switches 40 
and 43 are synchronized Consequently when the In- 
coming stream of signals is arranged to insert C m1 , 9 
into delay 42-0, the signals belonging to a particular 
codeword appear concurrently at the output ol deinter- 
leaver 42, allowing decoder 50 to correct errors Of 
course, decoder 50 could merely raise an alarm, or sim- 
ply inform the system I hat an error has been detected. 

To be more precise, during the interval that signals 

C m.tI9' C n>-l.l«5' C m-2.111 — • C m .-.g j, C^ j, 

are inserted into delay elements 42-0, 42-1, 42-3. . 
42-28 and 42-29, respectively, the outputs of those de- 
lay elements correspond to 
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»*■ <Wm- c *-»-«i <W ? . <W 3 . 

The following three cycles yield the signals 

C„.29 „ 6 . C m . ss .,, 4 . C m . a9 . 11c C^.Mg. C m . 292 . 

C m-29.!1?. C: m-2«.l!3' C ra.29.109 C m-29.S' C /n-2a.i- 

C m-29 !16- C m-as !1S' C m29.I0&. ■••> C m .29 4 . C,,,.^ 0 , 

and thai completes me entire codeword Decoder 50, 
however, needs So process the signals sequentially, i.e., 
in the order 

C n-2S.;19- C m-2<3.1lB' C m-29.<17- 

The task of rearranging the sequence tails to buffer 51. 
Thereafter, decoder SO decodes th a codeword, corrects 
errors (il correc&bSs errors exist, and rt that is the de- 
sired mode of operation), and outputs the corrected 
codeword into aeintet leaver 60 which reverses the ac- 
tion ot deinterJeaver 42 

in its simplest lorni, buffer 51 can comprise two 
memories, each of which contains 120 signals. While 
one memory is loaded with signais. the other memory 
is processed by decoder 50. Decoder 50 may be a con- 
ventional decoder adapted tor she code employed, 
which in the present disclosure is a conventional OS de- 
coder. 

Assuming that « takes decoder 50 a 120 signal in- 
tervai to decode ono RS codeword and, thus, when the 
output of deinterleavsr 42 corresponds to RS codeword 
m-29, the output ot decoder 50 co-responds to code- 
word m-31. Oeinierf-javsr 60 arid witches 63 s.nrf St 
recreate the stream at the input of switch 40. In sum, the 
arrangement of RG ? injects a 31 -codeword delay. 

Certain general observations can be made at this 
point 

The input signs! stream, such as that shown as be- 
ing apphed to router 10 in RG. 6. can be characterized 
as comprising N input signal sequences (where, illus- 
tratively N = 30 }. those be:ng the N sequences that are 
applied to RS coders 20-1 through 20-30. The output 
signal stream, such as that shown as being provided at 
the output of router 30. can be characterized as com- 
prising N output siorial sequences, those being the N 
sequences thai ars generated 'by RS coders 20-1 
through 20-30 illustratively, the same inout signals that 
are applied to the RS coders also appear m tho outputs 
ot those coders, augmented by redundant ssgrai*. This 
implements a so-caiisd systfcrrsanc codes (By contrast, 
in a non-systematic coder, the output signals-although 
equal in number to the output signals thai are provided 
intha systematic coder case -do not include a repetition 
ot tho input signals Rather, in general, the output sig- 
nals are alt ditterem ircm the inpul signals Use o! the 
term 'systematic 5 as it .-elates to the coders should not 
be ccnfusco with use that that term as it relates to tho 
interleaving, as described herein.) 

in any event, no matter whether the coding is sys- 
tematic cr nsn-sysssmatic, One can make a generic 
statement about whs-; makes the interleaving thai is im- 
plemented n FIGS. 5 and 6 systematic interleaving 



That generic statement is that successive input signals 
ol each of the input signal sequences «i be posiiicnally 
mapped to successive output signals of the correspond- 
ing output sequence while, in addition, successive input 
s signals of the overall <nput signal stream can be posi- 
tionally mapped lo successive signals ol the overall en- 
coded output signal stream Such a mapping can be 
made even though the overall output stream includes 
more signals than the input stream because of the in- 
io troduction of redundant signals by the RS coders. More- 
over, this generic statement applies whether or not the 
coding is systematic or non-systematic and whether or 
not the coding is of the block type or is of the convoiu- 
tional type, the latter being describee heretnbetow 
'5 Note, moreover, than in accordance with the inven- 
tion, the separalion between the successive signals in 
each output signa; sequence *s not constantly equal to 
the decoding depth N but. raiher, is greater than the de- 
coding depth N tor at least certain successive ones of 

* ?0 the signals in each output sequence. In particutai, as 
can be seen by refer ring toFJGS. 5and6. Ihe separation 
between each of the signals C m ,, 9 , C m , 18 , C m S)7 , 
c m.n«- is equal to N (e.g., 00), but the separation be- 
tween the signals, C m „ 6 and C m ns , is equal to (N + 1) 
(e.g., 31 ). This is advantageous in that, for example, the 
increased average separation o! the signals comprising 
a particular RS codeword enhances the system's ability 
to withstand burst errors in the channel. This increase 
irv the average separation of the signals comprising a 

so particular codeword of a particular output signal se- 
quence comes at the expense of a decreased separa- 
tion between the last signal of each codeword and the 
first signal ol the following codeword in that sequence. 
However, since the different codewords are independ- 

3S ently decoded, the toss ol thai separation does not del- 
eteriously affeel the overall ability of the system lo pro- 
vide accurate decoding An overaif increase in the ability 
to withstand burst errors in thus provided. 

More particularly, the scheme r epresented by FIGS. 

*0 5 and 6 can bs described by observing thai each output 
signal sequence comprises a plurality of subsequences. 
In this embodiment each subsequence ot FIG. 6 com- 
prises d = 4 signals. That is, looking at the output se- 
quence comprising C m ,,<}, C m1!8 C„ c . it can be 

*s seen to comprise the 4-signai subsequence C n ng , 
c m.ii8- c m.n7' C m.u6- 0,1 ine topmost signal path, or 
"rail" o! F!G. 5 followed by the 4-signal subsequence 
c miis- c m.iM' c mn3- c mnz- °" lne second-totop- 
most signal path, or "rail" of FIG 5, etc. Observe that 

so while the signals wiihin a subsequence are spaced from 
one another by N in the output signal stream oi FIG. 6 
the last signal of the subsequence is spaced from the 
first signal of the next subsequence by more than N- 
illustratively by (N + 1 ). 

55 One can also understand the arrangement of sig- 
nals as represented by the example ol FIGS. 5 and 8 by 
conceptually regarding all of the various signals as be- 
longing to a particular one of the N parallel paths, or 
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"rails" of FIG. 5. (ft should be noted a! this point that the 
use of the term "tar and/or the depiction ot the signals 
as being arranged in such rails does not imply that !he 
signals of a psrteuiar rail can necessafily be found as 
appearing on different physical leads Rather, the notion 
of raifs is usees herein as a way of defining yet another 
conceptual grouping ot the signals in addition to their 
groupings into, to- example, Reed-Solomon code- 
words.) 

in particular, one can observe that the (Nt+j) ,h sig- 
nal, of the output wgnai stream belongs to the j' h rail, for 
j = 1 . 2. . . ,N and I = 0, 1 ,2 One can also observe that 
each output signs I sequence comprises at least one 
codeword. Denote ths.k" 1 signal of the m ,h codeword as 
C m k . One can furtner observe that the signals of each 
codeword belongs to at least two different rails and the 

one of said N raits comprises She signais C m 
through C m> . ((iit fo? at least one value of k (e g , V-9) 
and a selectea vaiue of d (e.g. 4). 

Irs addition it can be observed vis-a vis the receiver 
arrangement o ; FIG. ? that because it can be implement- 
ed with actual delay lines, e.g.. ha;d-w;rs shift registers, 
the receiver can be operated to provide higher through- 
put than wouid typiealiy be obtainable using a random 
access memory implementation to emulate the action 
of those deiay Sines, given any particular implementa- 
tions! technology. This facilitates the use of the invention 
in high-data-speed applications. 

The arrangement of FIG 5 illustrates one specific 
incoming stream of RS codeword signals FIG 8 
presents an alternative assumed incoming stream, 
which is expressed below (again, including 4 blank, or 
nuil, redundant signals). 
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t his input stream is similar to the stream suggested 
by Gallager. except tor the very crucial difference that 
the starting points of the different RS codewords are 
staggered Thus, instead ot developing a block inter 
leaving, what is accomplished is cowoM/dna/ interleav- 
ing. 

the macro structure of an encoder responsive to 
the signal depicted in FIG 8 is the sarne as the one de- 
picted in FIG 6 However, the control of the router and 
the RS decoders s> different 

To review. ;n connection with the FIG. 5. the input 
signals are first inserted into coders 20-30 through 
20-29, skipping cod&r 20-30 for 4 cycies and router 30 
cycles coders 20-' through 20-30 for the 4 cycles 
Thereafter, the very r-ex\ byte is inserted in coder 20-30. 



the following byte is inserted into code-' 20-1 . and for the 
next 4 cycles coder 20-29 is skipped and router 30 cy- 
cles through coders 20-30 through 20-29 for the 4 cy- 
cles 

s In connection with the FIG 8 signaf. the input sig- 
nals are also fust inserted into coders 20-1 through 
20-29, skipping coder 20-30 for 4 cycles. The very next 
input signal is again entered into coder 20-30, coder 
20-29 is skipp«d when its turn arrives. However, and rn 

to contradiction, router 30 cycles through coders 20-1 
through 20-30 for every cycle 

It maybe noted that in both FIGS 5 and 8. encoders 
RS(n.n-f ) may be used with any r. 0<r<n. The number 
o? encoders is determined by Die interleaving depth, 
which is chosen to be 30 throughout the texL The inter- 
leaving depth certainly does net have to be 30 It has 
nothing so do with the amount ot redundancy r Further- 
more, it can be chosen to oe independent oi the length 
n of the RS code (n is chosen to be 1 20 throughout the 

20 text), although for some n's the interieavtsr and deinter- 
leaver based on FIG. 5 can have a nice structure, 

it may be further noted that a number of practical 
design considerations that are commonly encountered 
in coder and decoder designs such as described here 
have not been presented here, for sake of brevity. For 
example, if may be noted that the signai coming into 
router 10 has a slightly different rate than the signal ex- 
iting router 30. Specifically, in the same time frame there 
are 116 signals coming in and 120 signals going out 

30 This slight rate change is convent ionaliy accounted for 
by providing a buffer sn btock 20: specifically, one signal 
delay in each encoder would suffice. There is a corre- 
sponding rate change in the detnterleaver between the 
Signal at switch 40 and the signal at switch 63. 

as Whereasthe hardware embodiment presentedsug- 
gests deiay lines, it should be understood that other stor- 
age media, such as semiconductor memories, can bo 
used with identical effectiveness Also, ft shouid be un- 
derstood that although this disciosure employed Reed- 

<o Solomon coding, other coding approaches can also be 
used. 

The invention is disclosed herein in the context of 
so-called biocx encoding, of which Reed-Solomon cod- 
ing is an example, in block coding arrangements, a pre- 

4* determined number o! coder output s;gnais comprise a 
codeword which can do decoded without reference to 
any other outputs of the encoder in the example herein, 
for example, thai number of coder output signals is 1 20. 
However, the invention is not limited to being used in 

so conjunction with block codes Rather, as alluded to here- 
inabove, it can also be used in arrangements in which 
the encoding is, for example, so-caiied convolutionai 
coding. (The latter is not to bo contused with convolu- 
tionai interleaving, which is defined hereinabove and re- 

ss fates to the manner in which the coder outputs are ar- 
ranged in the output signal stream.) In a convolutionai 
coder, such as a so-called Irollis coder, no particular 
group of coder output signais can be segmented from 



!hs output stream and decoded. In this sense, the coder 
output word is ol indefinite length 

Although in the the illustrative embodiment various 
functional elements are disclosed as being discrete en- 
lilies and. indeed, could be implemented as such, it wilt s 
be recognized by those skilled in the art that any one of 
more ot those elements could be realized, for example, 
;n the form of one or more general purpose or special 
purpose processors which have been programmed Jo 
perform the functions involved jo 

The numerical values for various parameters used 
herein are, of course, illustrative and can be chosen to 
tit tho needs o! any particular system embodying the in- 
vention 

It wil! ;hus be realized, more goneraffy. that although is 
the invention is disciosed herein in the context c! partic- 
ular embodiments, those skill in the art will be able to 
devise numerous other arrangements which, although 
not explicitly shown or described herein, embody the 
principles of the invention and are within its scope. go 



Claims 

1. A method of encoding a stream of input signals to 
generals a stream of encoded output signals, the 
input signal stream comprising N input signal se- 
quences and the output signal stream comprising 
N output signai sequences, each of the output sig- 
nal sequences being generated in response to a 30 
corresponding one of the input signal sequences 
using at least a first predetermined redundancy 
code, the encoding being such that successive in- 
put signals of each of the input sequences can be 
positfcnally mapped to successive output signals of 36 
the corresponding output sequence while, in addi- 
tion, successive input signals of the input signai 
stream can be positionaily mapped to successive 
signals of the encoded output signat stream, 

characterized in that at least certain succes- is 
sive ones o! the signals in each output sequence 
are spaced from one another within the output sig- 
nal stream by more than N 

2. A method ot generating an output signal stream «« 
comprising N encoded output signal sequences, 
each output signal sequence corresponding to one 

ol N snput signal sequences, said arrangement uti- 
lizing redundancy encoding and implied systematic 
conventional interleaving to generate the output » 
signal stream, 

characterized in that at least certain succes- 
sive ones of the signals in each encoded output sig- 
nal sequence are spaced from one another within 
the output signal stream by more than N ss 

3. A method of encoding an ordered stream of input 
signals to develop a stream ot output signals, said 
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stream ol output signals comprising said stream ot 
input signals in its original order combined wish an 
associated plurality of redundant signals, each of 
the redundant signals being a tunc! ion of a prede- 
termined group of said input signals as defined by 
at least s first predetermined redundance code, the 
output signals belong:ng to each said group, as well 
as the associated redundant s:gna!s, appearing in 
said output stream with non uniform spacing. 

4. A melhod o< encoding a stream of input signals to 
generate a stream of encoded output signals, the 
input signal stream comprising N input signal se- 
quences and the outaut signal stream comprising 
N output signal sequences, each ol the output sig- 
nal sequences being generated in response to a 
corresponding one o* trie input signal sequences 
using at ieast a first predetermined redundancy 
code, the encoding being such that successive in- 
put signals of each o! the input sequences can be 
positionaily mapped to successive output signais ol 
the corresponding output sequence while, in addi- 
tion, successive input signals of the input signal 
stream can be positionaily mapped to successive 
signais ct the encoded output signal stream, the 
(NT + j)* signal of the output signal stream belong- 
ing to the J* one of N rails, ,2 N and t=0, 1,2,..., 

characterized in that the signals of each out- 
put signai sequence belong to at least two differenl 
rails 

5. A method tot use in a system in which a stream of 
input signals is encoded to generate a stream of en- 
coded output signals, the input signal stream com- 
prisingN input signal sequences and ihe output sig- 
nal stream comprising N output signal sequences, 
each ot the output signal sequences being gener- 
ated in response to a corresponding one of the input 
signal sequences using at least a first predeter- 
mined redundancy code, the encoding being such 
that successive input signals of each of the input 
sequences can be positionaily mapped to succes- 
sive output signals of the corresponding output se- 
quence while, in addition, successive input signals 
ot the input signal stream can be positionaily 
mapped to successive signals of the encoded out- 
put signal stream, the method comprising the steps 
ot 

receiving said stream of encoded output sig- 
nals, and 

decoding the received stream of encodssd out- 
put signals to recover said stream of input sig- 

charactenzed in that at leas! certain succes- 
sive ones of the signals in each output sequence 
are spaced from one another within Ihe output sig- 
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rial stream by more than N 

A method for use in a receiver o! a system in which 
an output signal stream comprising N encoded out- 
pot signal sequences is generated and transmitted 5 
to said receiver, each output signal sequence cor- 
responding to one of N input signal sequences, said 
system being of a type which utilizes redundancy 
encoding and implied systematic convolutions! in- 
terleaving to generate the output signal stream, the to 
method comprising the steps o! 

receding said output signal stream, and 
recovering said N input signal sequences 
there fror> using redundancy decoding and con- »5 
votutionaf da interleaving, 

characterized in that at least certain succes- 
sive ones ot the ssgnais in each encoded output sig- 
nal sequence are spaced from one another within so 
the output signal stream by more than N. of claims 
1.2 5 or 6 

The method of any ol ciaims t, 2 6 or 6 wherein 
each of the output signal sequences comprises a 
plurality of subsequences and wherein, tor at least 
one value of ;, and the i ih subsequence comprises 
S, signals which are spaced from one another in 
said output signal stream by N, and the last signal 
of said i* 1 subsequence is spaced from the first sig- &> 
na! of the (i+ 1 ) a subsequence by more than Of. 

A method comprising the step of recovering an or- 
dered stream o! tnput signals from a transmitted 
stream of ouipu! signals which was generated by -35 
encoding said ordered stream of input signals, said 
stream of output signals comprising said stream of 
input s-gnais in its original order combined with an 
associated pSuraiiiy ol redundant signals, each of 
fhe redundant signals being a function ot a prede- <» 
termined group of said input signals as defined by 
at least a first predetermined redundancy code, the 
output signals belonging to each said group, as well 
as the associated redundant signals, appearing in 
said output ssraam with non-uniform spacing. « 

A method for use in a system in which a stream of 
input signals is encoded to generate a stream of en- 
coded output signals, the input signal stream corn- 
prising IV input signal sequences and the output sig- 5" 
nal stream comprising N output signal sequences, 
each of the output signal sequences being gener- 
ated in response to a corresponding one of the input 
signal sequences using at least a first predator 
mined redundancy code, the encoding being such ss 
that successive input signals of each of the input 
sequences can bo posit dually mapped to succes- 
sive output signals of the corresponding output se- 



quence while, in addition, successive input signals 
of the input signal stream can be positionally 
mapped to successive signals of the encoded out- 
put signal stream, the { NT + j }*> signal ol the output 
signal stream belonging to the j ,h one of N rails j 

-1.2 N and 1=0. 1,2 'he method comprising 

the steps of 

receiving said stream of encoded output sig- 
nals, and 

decoding the received stream of encoded out- 
put signals to recover said stream ot input sig- 
nals, 

characterized in that the signals of each out- 
put signal sequence besong to at least two different 
rails 

10. The method of cfaim 4 or claim 9 wherein each ovt- 
pui signal sequence comprises at Icejst one code- 
word, the K ,h signal of the m*' codeword being C m k . 

characterized in that the j* orte ot said N rails 
comprises the signals C wX . )M through C m 
lor at least one vaiue of X and a selected value of d. 

11. A method for use in a receiver to which is transmit- 
ted a stream of encoded output signals that was 
generated by encoding a stream erf Input signals, 
(he input signal stream comprising N input -signal 
sequences and the output signal stream comprising 
N output signal sequences, each of the output sig- 
nal sequences being generated in response to a 
corresponding one ol the input signal sequences 
using at least a first predetermined redundancy 
code, the encoding being such that successive in- 
put signals of each o: the input sequences can be 
positionaliy mapped to successive outpui signals of 
the corresponding output sequence while, in addi- 
tion, successive input signals of the input signal 
stream can be positionally mapped to successive 
signals of the encoded output signal stream, each 
output ssgnal sequence comprising at least one 
codeword, the k lh signal of tne m lh codeword being 
C mk . Ihe ( Ni + j ) lh signal of !he outpui signal stream 
belonging to the I th one ol H rails, j - t.2, ,N and 
t=0.1.2... , the i ,h one of said rails comprising the 
signals C m X . j<j , (J through C m X . jct+ , for at least one 
value ol X and a selected value ol d, trie method 
comprising the steps ot 

receiving the transmitted stream o? encoded 
output signals, 

appfying those signals in the received transmit 
ted stream which comprise at ieast the 1 s! 
through N lh rails to 1 sl through N m first delay 
lines, respectively, the length of the f~ fust delay 
line being dN signal periods greater than the 
delay amount for the j + 1 ) sl first delay line for 
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0 < j < N 

assembling the outputs of said first delay lines 
inic groups o! signals each comprising the sig- 
nals of a respective ens ot said codeword,' 
decoding each of said groups of signals in a re- 5 
dundancy decoder, and 
sipp-ytn$ successive decoded outputs from said 
redundancy decoder to respective 1 B ' through 
N second deiay lines, respectively, the iength 
of !'r>e i in second delay iine being dN signal pe- «> 
nods less lhan the delay amount forme (j + 1)^ 
second delay Sine lor 0 <| < N, and 
recovering said stieam of input signals, in their 
original order, by applying individual outputs 
from said second delay lines, in sequence, to »s 
an output. 
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